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ABSTRACT 

The RCS p r o p e l l a n t  budge t s  f o r  t h e  Apo l lo  " C " ,  AAP-1 ,  
3 A  and 3 m i s s i o n s  have been compared. E s s e n t i a l  d i f f e r e n c e s  
between t h e  Apol lo  and AAP m i s s i o n s  e x i s t  which r e s u l t  i n  sub-  
s t a n t i a l l y  l a r g e r  RCS b u d g e t s  for t h e  AAP m i s s i o n s .  Un l ike  t h e  
Apo l lo  r t C "  budge t  which i s  t i g h t l y  c o n s t r a i n e d  by s p a c e c r a f t  
RCS t a n k  c a p a c i t y ,  t h e  AAP budge t s  p r o v i d e  for d i s p e r s e d  t r a -  
j e c t o r i e s ,  o f f -nominal  sys tems per formance  and crew e r r o r s  d u r i n g  
maneuvers ,  a larger  cont ingency  for changes i n  p l a n  a f t e r  m i s s i o n  
i n i t i a t i o n  and expe r imen t  s u p p o r t .  I n  a d d i t i o n  s i n c e  t h e  AAP 
m i s s i o n s  w i l l  be f lown i n  h i g h e r - a l t i t u d e  c i r c u l a r  o r b i t s ,  a lmos t  
f o u r  t imes as much backup RCS r e t r o  p r o p e l l a n t  i s  r e q u i r e d  com- 
p a r e d  w i t h  Apo l lo  r r C r ' ,  which i s  s p e c i a l l y  a d j u s t e d  t o  minimize 
t h e  backup r e t r o  needed .  
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I .  GENERAL COMMENTS 

A t  f i r s t  g l a n c e  t h e  Apollo ''C" Mis s ion  and  AAP CSM 
M i s s i o n s  1, 3 A  and 3 a p p e a r  t o  b e  r a t h e r  s imi l a r .  I n  e a c h  
c a s e  a CSM i s  i n s e r t e d  b y  a S a t u r n  I B  i n t o  l o w - a l t i t u d e  E a r t h  
o r b i t ,  pe r fo rms  a c o e l l i p t i c  rendezvous and v a r i o u s  o t h e r  
o r b i t a l  o p e r a t i o n s  and f i n a l l y  r e e n t e r s  t h e  a tmcsphe re  r e t u r n i n g  
t h e  crew t o  e a r t h .  

There a r e ,  however,  s e v e r a l  e s s e n t i a l  d i f f e r e n c e s  
which must b e  p o i n t e d  o u t .  F i r s t  t h e  Apollo ' r C "  m i s s i o n  i s  a 
d e m o n s t r a t i o n  of  CSM o p e r a t i o n s .  T h a t  i s ,  t h i s  f i r s t  manned 
A p o l l o  m i s s i o n  w i l l  c o n s i s t  o f  a s e r i e s  of  r e l a t i v e l y  independen t  
t e s t s  t o  e s t a b l i s h  t h e  c a p a b i l i t y  of t h e  s p a c e c r a f t ,  crew and 

On t h e  o t h e r  hand ,  t h e  p r imary  o b j e c t i v e s  of t h e  A A P  m i s s i o n s  a re  
t o  conduct  l o n g  d u r a t i o n  m i s s i o n s  w i t h  t h e  O r b i t a l  Workshop and 

Without  comple t ion  of maneuvers such  as r endezvous ,  t h e s e  AAP 
m i s s i o n s  w i l l  b e  t o t a l  f a i l u r e s .  Thus t h e  AAP m i s s i o n  p l a n n e r s  
must t ake  c a r e  t o  e n s u r e  t h a t  s u f f i c i e n t  p r o p e l l a n t  i s  a v a i l a b l e  
t o  e n s u r e  s u c c e s s f u l  e x e c u t i o n  of  r e q u i s i t e  maneuvers d e s p i t e  
o f f -nomina l  c o n d i t i o n s .  

MSFN s u p p o r t  f a c i l i t i e s  t o  conduct an e a r t h  o r b i t a l  m i s s i o n .  (1) 

to o b t a i n  s c i e n t i f i c  da t a  about t h e  sun  u s i n g  t h e  LM/ATM, e t c .  ( 2  3 )  

Second ly ,  t h e  Apo l lo  "C"  m i s s i o n  i s  c o n s t r a i n e d  t o  
conduct  E a r t h  o r b i t a l  t e s t s  u s i n g  t h e  s p a c e c r a f t  d e s i g n e d  f o r  
l u n a r  m i s s i o n s  and RCS t a n k s  s i z e d  a c c o r d i n g l y .  T h e r e f o r e  i t  
has been  n e c e s s a r y  to e x t e n s i v e l y  massage and tweak t h e  m i s s i o n  
p r o f i l e  t o  p r e v e n t  RCS p r o p e l l a n t  r e q u i r e m e n t s  j u s t  f o r  t h e  
"nominal"  ( i  . e .  p e r f e c t l y - e x e c u t e d )  maneuvers f rom burgeon ing  
beyond c u r r e n t  t a n k  c a p a c i t y .  I n  c o n t r a s t  t h e  AAP m i s s i o n  ob- 
j e c t i v e s ,  r a t h e r  t h a n  a s p e c i f i c  t a n k  l i m i t a t i o n ,  d i c t a t e  RCS 
p r o p e l l a n t  r e q u i r e m e n t s .  The AAP RCS budget  i s  l a r g e l y  based 
on a v a i l a b l e  Apol lo  d a t a  and a n a l y s e s  tempered by man-in-the- 
l o o p  s i m u l a t i o n s  and Gemini e x p e r i e n c e ,  a l l  combined t o  produce  
t h e  bes t  es t imate  o f  t h e  p r o p e l l a n t  q u a n t i t i e s  n e c e s s a r y  t o  
accompl i sh  t h e  m i s s i o n  o b j e c t i v e s  u n d e r  nominal  or of f -nomina l  
c o n d i t i o n s .  

F i n a l l y ,  i t  s h o u l d  be n o t e d  t h a t  t h e  AAP CSM's are 
abou t  5000 pounds h e a v i e r  t h a n  t h e  Apo l lo  s p a c e c r a f t  a t  c o r r e -  
s p o n d i n g  p h a s e s  t h r o u g h o u t  t h e i r  r e s p e c t i v e  m i s s i o n s .  
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11. COMPARISON OF RCS BUDGETS 

T a b l e  I l i s t s  a summary by comparable  m i s s i o n  p h a s e  
of t h e  RCS p r o p e l l a n t  budge t s  for Apol lo  "C" m i s s i o n  and  A A P - 1 ,  
3 A  and 3. 
A A P  d a t a  came from t h e  budget  p r e p a r e d  by t h e  Miss ion  O p e r a t i o n s  
O f f i c e ,  AAPO,  MSC d a t e d  A p r i l  2 3 ,  1968. 
s p e c i f i c  m i s s i o n  phases  a r e  g iven  below.  

Apol lo  d a t a  were t a k e n  from Reference  4, w h i l e  

Remarks p e r t i n e n t  t o  

TABLE I 

Miss ion  Phase 

P re - l aunch  Checks 

RCS BUDGET (LBS) 

Apol lo  "C" Miss ion  AAP-1 A A P - 3 A ,  3 
( S / C  101) 

4.4 4.4 4.4 

S e p a r a t i o n  from S-IVB 65.5 24.5 24.5 
Rendezvous 

P r e  T P I  ( p h a s i n g ,  e t c . )  
T P I  t h r u  TPF 

O r b i t a l  Ope ra t  i o n s  
S a t i s f y  t e s t  o b j e c t i v e s  
S t a t i o n  keep and p r e -  

Dock to MDA 
E xp e r ime  n t s upp o rt an d 

dock i n s p e c t i o n  of  OWS 

c l u s t e r  a t t i t u d e  h o l d  

Reen t ry  O p e r a t i o n s  

RCS Backup Deorb i t  

Cont ingency 
15% of p r e - d e o r b i t  
2 x RSS of lu's p l u s  

backup r e t r o  l a  

153.2 
265.1 

125.4 125.4 
455.0 455.0 

284.7 

48.0 48.0 
30.0 30.0 

350.0 500.0 

52.3 51.1 51.1 

320.0 1230.0 1230.0 

61 
161 186 

4 49 4 49 
220 

Gaging Error Allowance 78 220 
TOTAL USABLES REQUIRED 1284.2 

A .  S e p a r a t i o n  from S-IVB 

3148.4 3323.4 

I n c l u d e d  i n  t h i s  phase of  t h e  Apol lo  " C "  m i s s i o n  i s  
p r o p e l l a n t  f o r  s i m u l a t e d  docking and S-IVB f ly -a round  as w e l l  
as s t a t i o n  keep ing  f o r  SLA photography.  
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B .  Rendezvous 

A l l  m i s s i o n s  c o n s i d e r e d  h e r e  i n c l u d e  a c o e l l i p t i c  
rendezvous  from an o r b i t  1 0  nm below t h e  t a r g e t .  Man-in-the- 
l o o p  s i m u l a t i o n s  a t  McDonnell Douglas C o r p o r a t i o n  ( M D C )  have  
shown t h a t  f o r  t h e  rendezvous t e r m i n a l  phase  ( T P I  t h r o u g h  TPF) 
w i t h  p e r f e c t  i n i t i a l  c o n d i t i o n s ,  t h e  mean p r o p e l l a n t  consumption 
i s  250 pounds.  ( 5 )  
s i m u l a t i o n s  , t h e  mean t e r m i n a l  phase  p r o p e l l a n t  consumption 
i n c r e a s e s  t o  552 pounds.  The Apol lo  " C "  m i s s i o n  rendezvous  
budget  ( 2 5 6 . 1  p o u n d s ) ,  which i s  based on t h e  MDC d a t a ,  h a s  no  
a p p a r e n t  a l lowance  f o r  t r a j e c t o r y  d i s p e r s i o n s  or crew errors. 
O f  c o u r s e ,  i n  t h e  Apol lo  " C "  m i s s i o n  i f  t h e  rendezvous  d e v i a t e s  
f rom t h e  nominal  p r o f i l e ,  i t  can be abandoned w i t h  r e l a t i v e l y  
l i t t l e  impact  on t h e  r ema inde r  of  t h e  m i s s i o n .  However, t h e  
AAP rendezvous  must b e  s u c c e s s f u l l y  completed or t h e  e n t i r e  
m i s s i o n  i s  l o s t .  

With mean d i s p e r s i o n s  a t  T P I  i n c l u d e d  i n  t h e  

Using in-house  s i m u l a t i o n  da ta ,  MSC A A P O  and G & C  
D i v i s i o n  a n a l y s e s  of  c o e l l i p t i c  rendezvous  w i t h  Ah = 1 0  nm 
p r e d i c t  t h e  mean t e r m i n a l  phase Av t o  b e  112 f p s *  ( l a  = +24  f p s ) .  
Thus a mean p r o p e l l a n t  consumption of  455 pounds ( l a  = +97)  h a s  
been  budge ted  f o r  t h e  AAP CSM's based on t h e  MCS in-house  r e s u l t s .  
It i s  no tewor thy  t h a t  t h i s  AAP rendezvous  RCS budge t  (mean + l a )  
compares v e r y  f a v o r a b l y  w i t h  t h e  MDC p r e d i c t i o n  when d i s p e r s i o n s  
are c o n s i d e r e d .  

C .  O r b i t a l  O p e r a t i o n s  

A l l  Apol lo  ''C" p r o p e l l a n t  r e q u i r e m e n t s  n o t  s p e c i f i e d  
u n d e r  o t h e r  m i s s i o n  p h a s e s  have been  lumped h e r e .  

I n c l u d e d  under  AAP " O r b i t a l  O p e r a t i o n s "  a re  a t o t a l  
of 78 pounds f o r  maneuvers a s s o c i a t e d  w i t h  dock ing  t o  t h e  MDA. 
A p o l l o  " C "  h a s  no  comparable  r e q u i r e m e n t .  

The q u a n t i t i e s  budgeted  unde r  A A P  "Experiment  S u p p o r t  
and C l u s t e r  A t t i t u d e  Hold" have been  a g r e e d  upon between MSFC 
and MSC f o r  p l a n n i n g  pu rposes  a t  t h i s  t i m e .  No d e t a i l e d  b reak -  
down for the ~JSP ~ 5 '  t h i s  p r o p e l l m t  is a v a i i a b i e  y e t .  P o t e n t i a l  
n e e d s  on A A P - 1  a r e  c l u s t e r  s l ewing  and a t t i t u d e  h o l d  f o r  E a r t h  
a p p l i c a t i o n s  expe r imen t s  and backup o r  augmen ta t ion  f o r  t h e  
Workshop A t t i t u d e  C o n t r o l  System (WACS) f o r  t h e  28-day m i s s i o n .  
P o t e n t i a l  needs  on AAP-3A a r e  s i m i l a r  to AAP-1 e x c e p t  t h a t  t h e  
m i s s i o n  d u r a t i o n  i s  56-days .  AAP-3 RCS may b e  needed  f o r  CMG 
momentum dumping o r  a t t i t u d e  ho ld  i n  c a s e  of CMG p o i n t i n g  con- 
trol sys t em f a i l u r e  i n  a d d i t i o n  t o  t h e  c o n t i n g e n c i e s  l i s t e d  f o r  
A A P - 1 .  The p r o p e l l a n t  c a p a c i t y  on AAP-3 must a l s o  r e f l e c t  
p o s s i b l e  con t ingency  r e q u i r e m e n t s  o f  t h e  CSM/LM backup m i s s i o n  
f o r  AAP-3/AAP-4. 

* 
The t h e o r e t i c a l  minimum AV f o r  t h e  t e r m i n a l  phase  i s  4 2  f p s .  
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D .  RCS Backup D e o r b i t  

Because of t h e  m i s s i o n  demands on Apo l lo  "C"  RCS 
and t h e  l i m i t e d  t a n k  c a p a c i t y ,  t h e  t r a j e c t o r y  has been  a d j u s t e d  
s o  t h a t  t h e  RCS backup d e o r b i t  b u r n  w i l l  be  made on ly  a t  apogee 
o f  t h e  220  x 9 0  nm o r b i t .  This r e d u c e s  t h e  backup d e o r b i t  re-  
qu i r emen t  t o  Av = 108 f p s  or, e q u i v a l e n t l y ,  320  pounds o f  p r o -  
p e l l a n t .  The Apo l lo  "C" prime d e o r b i t  sys t em (SPS)  i s  c a p a b l e  
of  d e o r b i t  f rom any p o i n t  i n  t h e  o r b i t .  

The AAP m i s s i o n  d u r a t i o n  and expe r imen t  r e q u i r e  
o p e r a t i o n s  a t  a h i g h e r  c i r c u l a r  o r b i t .  T h e r e f o r e  t h e  backup 
r e t r o  s y s t e m  must have e s s e n t i a l l y  t h e  same c a p a b i l i t y  as t h e  
p r imary  sys t em.  The Av f o r  r e t r o  from a 2 2 0  nm c i r c u l a r  o r b i t  
i s  340 f p s  which r e s u l t s  i n  1230 pounds b e i n g  needed  f o r  t h e  A A P  
s p a c e c r a f t .  

E .  Cont ingency 

I n  t h e  A A P  budget  t he re  are  two c a t e g o r i e s  u n d e r  
c o n t i n g e n c y .  An a l lowance  of 15% of t h e  p r e - d e o r b i t  p r o p e l l a n t  
i s  made t o  accommodate p o t e n t i a l  changes i n  t h e  m i s s i o n  a f t e r  i t  
has begun.  To p r o v i d e  f o r  p o s s i b l e  sys t ems  o f f -nomina l  pe r -  
formance and/or  crew e r r o r s ,  t w i c e  t h e  r o o t  sum s q u a r e  o f  t h e  
l a  es t imates  ( e x c e p t  backup r e t r o )  i s  budge ted .  Because of t h e  
impor t ance  o f  backup r e t r o ,  a l a  = 155 pounds based on 86% 
e f f i c i e n c y  ( i n s t e a d  of a nominal 9 7 % )  i s  added t o  t h e  2 x RSS 
o f  t he  o t h e r  15 v a l u e s .  

The  Apo l lo  " C "  miss ion  con t ingency  a l lowance  i s  s i m p l y  
t h e  d i f f e r e n c e  between t h e  amount budge ted  f o r  v a r i o u s  m i s s i o n  
p h a s e s  and t h e  u s a b l e  p r o p e l l a n t  c a p a c i t y .  The 6 1  pounds c u r r e n t l y  
budge ted  i s  about  7 .5% o f  t h e  p r e - d e o r b i t  p r o p e l l a n t .  

F. Gaging Error Allowance 

The PVT d i s p e r s i o n  e r r o r s  a r e  t r e a t e d  i d e n t i c a l l y  i n  
b o t h  Apol lo  and A A P :  a 3a gaging  e r r o r  a l lowance  o f  6% of  t o t a l  
u s a b l e  p r o p e l l a n t  c a p a c i t y  i s  i n c l u d e d  i n  each  b u d g e t .  For A A P  
p l a n n i n g  3600 pounds has been assumed as t h e  u s a b l e  c a p a c i t y .  

111. C O N C L U S I O N  

1 The RCS p r o p e l l a n t  b u d g e t s  f o r  t h e  Apollo "C'' 
A A P - 1 ,  3A and 3 m i s s i o n s  have been compared. The budget  f o r  
t h e  c u r r e n t l y  p l a n n e d  Apol lo  m i s s i o n  a p p e a r s  t o  be v e r y  t i g h t .  
V i r t u a l l y  no  a l lowance  has been made f o r  of f -nominal  pe r fo rmance .  
I n  t h e  p r e p a r a t i o n  o f  t h e  AAP b u d g e t ,  an a t t e m p t  has  been  made 
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t o  u t i l i z e  a l l  a p p l i c a b l e  s i m u l a t i o n  data  and a n a l y s e s  t o  p ro -  
j e c t  r e a s o n a b l e  p r o p e l l a n t  r e q u i r e m e n t s .  
made for d i s p e r s i o n s ,  crew e r ro r s  and c o n t i n g e n c i e s .  

P r o v i s i o n  has been  
Such an  

approach  seems p r u d e n t  a t  

K .  E .  N a r t e r s t e c k  1025-KEM-dcs 
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Messrs. W .  B .  Evans/KM 

R .  F. Thompson/KA 
H .  E .  Whitacre/KM 

Bellcomm, I n c .  

Messrs. A .  P .  Boysen, Jr. 
D .  A .  Chisholm 
D .  R .  Hagner 
B .  T .  Howard 
J .  Z .  Menard 
I .  M .  Ross 
J .  W .  Timko 
R .  L .  Wagner 

D i v i s i o n  1 0 1  S u p e r v i s i o n  
A l l  Members Depar tments  1 0 2 1 ,  1 0 2 2 ,  1 0 2 4 ,  1 0 2 5  
Department 10 23 
Ceritrai F i l e  
L i b r a r y  


